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(57)Abstract: 

PURPOSE To supply a proper quantity of reducing agents in 
accordance the operating condition of an engine, even if a 
hydrocarbon reducing agent having a low invert ratio of NOx 
to N2 in respect of component constitution is used, by 
reforming it so as to efficiently reduce NOx. 
CONSTITUTION: The exhaust pipe 12 of an engine 10 is 
provided with a NOx catalyst 14 and an injection nozzle 18 
arranged upstream thereof. A reducing agent supply means 
20 for supplying a hydrocarbon reducing agent to the 
injection nozzle 18 is provided with a storage tank 22 for 
storing liquid hydrocarbon 21, a force-feeding pump 24 for 
forcibly feeding the hydrocarbon 21 stored in this tank 22 
through a liquid feeding pipe 23. a reactor 28 for reforming 
the forcibly fed hydrocarbon 21 so as to reduce the number 
of carbons thereof, a hydrocarbon separating chamber 27 for 
separating the reformed hydrocarbon from the unreformed 
hydrocarbon, and a compressor 29 for forcib!y feeding the 
reformed hydrocarbon to the injection nozzle 18 through a 
pneumatic tube 28. 
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* NOTICES * 

JPO and IMPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The catalyst room in which it is prepared in an engine (10) exhaust pipe (12), and an NOx 
catalyst (14) is held (16), It is prepared in the exhaust gas upstream of said NOx catalyst (14), and 
turns to said NOx catalyst (14). The injection nozzle which can inject a hydrocarbon system reducing 
agent (18), In the NOx reduction equipment by the catalyst of the engine exhaust gas which 
equipped said injection nozzle (18) with a reducing-agent supply means (20) to supply said reducing 
agent The storage tank in which said reducing-agent supply means (20) stores a liquefied 
hydrocarbon (21) (22), The feeding pump which feeds the hydrocarbon (21) stored in said storage 
tank (22) through a liquid transfer pipe (23) (24), The reactor which reforms said fed hydrocarbon 
(21) so that the carbon number may be decreased (26), The hydrocarbon separation room which 
separates said hydrocarbon by which reforming was carried out, and the hydrocarbon by which 
reforming was not carried out (27), NOx reduction equipment by the catalyst of the engine exhaust 
gas characterized by having the compressor (29) which feeds said hydrocarbon by which reforming 
was carried out to said injection nozzle (18) through the pneumatic tube (28). 
[Claim 2] The temperature sensor formed in the exhaust gas upstream of an NOx catalyst (14) (46), 
The load sensor (44) which detects an engine (10) load, and the rotation sensor which detects an 
engine (10) rotational speed (42), The 1st flow control valve (31) prepared in the liquid transfer pipe 
(23), and the 2nd flow control valve prepared in the pneumatic tube (28) (32), It is based on the 
detection output of said temperature sensor (46), a load sensor (44), and a rotation sensor (42). A 
feeding pump (24), A compressor (29), NOx reduction equipment by the catalyst of engine exhaust 
gas [ equipped with the controller (40) which controls said 1st and 2nd flow control valves (31 32) ] 
according to claim 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment which reduces the nitrogen oxides 
(henceforth NOx) contained in engine exhaust gas according to a catalyst. Furthermore, it is related 
with the NOx reduction equipment in the exhaust gas of the engine for cars in detail 
[0002] 

[Description of the Prior Art] As this kind of NOx reduction equipment, the catalyst room which 
holds an NOx catalyst in an engine exhaust pipe is prepared, the reducing agent of NOx is injected 
by the injection nozzle from the exhaust gas upstream of this NOx catalyst, and the equipment which 
converts NOx into harmless N2 according to a catalyst is known. Conventionally, ammonia has been 
used for this reducing agent. 
[0003] 

[Problem(s) to be Solved by the Invention] However, ammonia was unsuitable for the NOx reducing 
agent of the engine both for a problem empty vehicle of the odor when it having been inferior and 
revealing to mount nature. Moreover, when gas oil was used as a reducing agent, a carbon number 
could not convert NOx into N2 efficiently at this point, including the hydrocarbon component of 16 
mostly, but gas oil had fault with the high rate of NOx emitted to atmospheric air as it is. Even if the 
purpose of this invention is a hydrocarbon system reducing agent with the low invert ratio of N2 of 
NOx in respect of a component presentation, it is to offer the NOx reduction equipment by the 
catalyst of engine exhaust gas which reforms this and can reduce NOx efficiently. Another purpose 
of this invention is to offer the NOx reduction equipment which can supply the reducing agent of 
optimum dose according to engine operational status. 
[0004] 

[Means for Solving the Problem] The configuration of this invention for attaining the above- 
mentioned purpose is explained based on drawing 1 corresponding to an example. This invention is 
amelioration of the NOx reduction equipment by the catalyst of engine exhaust gas equipped with 
the catalyst room 16 in which it is prepared in the exhaust pipe 12 of an engine 10, and the NOx 
catalyst 14 is held, and a reducing-agent supply means 20 to be formed in the exhaust gas upstream 
of the NOx catalyst 14, and to supply said reducing agent to the injection nozzle 18 which can inject 
a hydrocarbon system reducing agent, and an injection nozzle 18 towards this NOx catalyst 14. The 
storage tank 22 in which, as for the characteristic configuration, the reducing-agent supply means 20 
stores the liquefied hydrocarbon 21, The feeding pump 24 which feeds the hydrocarbon 21 stored in 
this tank 22 through a liquid transfer pipe 23, The reactor 26 which reforms this fed hydrocarbon 21 
so that that carbon number may be decreased, It is in having had the hydrocarbon separation room 27 
which separates the hydrocarbon by which reforming was carried out, and the hydrocarbon by which 
reforming was not carried out, and the compressor 29 which feeds the hydrocarbon by which 
reforming was carried out to an injection nozzle 18 through the pneumatic tube 28. In addition, the 
temperature sensor 46 formed in this NOx reduction equipment at the exhaust gas upstream of 'the 
NOx catalyst 14, The load sensor 44 which detects the load of an engine 10, and the rotation sensor 
42 which detects the rotational speed of an engine 10, The 1st flow control valve 3 1 prepared in the 
liquid transfer pipe 23, and the 2nd flow control valve 32 prepared in the pneumatic tube 28, It is 
desirable to have the feeding pump 24, a compressor 29, and the controller 40 that controls the 1st 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/12/2007 



Jr,U!>-222y23,A [DETAILED DESCRIPTION] 



Page 2 of 4 



and 2nd flow control valves 31 and 32 based on the detection output of a temperature sensor 46 the 
load sensor 44, and the rotation sensor 42. Furthermore, it is desirable to form the recovery tank 33 
which collects the liquefied hydrocarbons by which reforming was not carried out to the pars 
basilaris ossis occipitalis of the hydrocarbon separation room 27 of this NOx reduction equipment 
and to form the recovery pump 36 which returns the liquefied hydrocarbon of this recovery tank 33 
to a storage tank 22. 
[0005] 

[Function] The gas discharged from the engine 10 passes along an exhaust pipe 12, and it flows into 
the catalyst room 16 with the reducing agent supplied from the injection nozzle 18, and after 
reduction processing of NOx in exhaust gas being carried out by the NOx catalyst 14 there and 
converting into harmless N2, it is emitted to atmospheric air. Qualitatively, since the reducing agent 
supplied from an injection nozzle 18 is the hydrocarbon of low molecular weight with which the 
carbon number by which cracking was carried out by the reactor 26 and purification separation was 
carried out at the separation room 27 decreased, it converts NOx into N2 at high effectiveness. 
Moreover, quantitatively, a controller 40 controls a flow control valve 3 1 and 32 grades, and supplies 
the reducing agent of the optimum dose corresponding to the NOx content in the exhaust gas 
memorized according to operational status from an injection nozzle 1 8. 
[0006] 

[Example] Next, one example of this invention is explained in detail based on a drawing. As shown 
in drawing 1 , an exhaust pipe 12 is connected to the exhaust manifold 1 1 of a diesel power plant 1 0. 
In the middle of this exhaust pipe 12, an engine side to the reducing-agent injection room 13, the 
catalyst room 16 in which the NOx catalyst 14 is held, and a muffler 17 are formed in this order. The 
NOx catalyst 14 is constituted from this example by the copper ion exchange zeolite (Cu-ZSM -5). 
This copper ion exchange zeolite is the matter which transposed the sodium ion which the zeolite 
contains to the copper ion, and has the property to return NOx with a hydrocarbon. An injection 
nozzle 18 is formed in the reducing-agent injection room 13 towards the NOx catalyst 14. 
[0007] A reducing-agent supply means 20 to supply a hydrocarbon system reducing agent to an 
injection nozzle 18 The storage tank 22 in which gas oil 21 is stored, and the feeding pump 24 which 
feeds this gas oil 21 through a liquid transfer pipe 23, It is constituted by the hydrocarbon separation 
room 27 which separates the reactor 26 reformed so that the carbon number of the fed gas oil may be 
decreased, and the hydrocarbon by which reforming was carried out and the hydrocarbon by which 
reforming was not carried out, and the compressor 29 which feeds the hydrocarbon by which 
reforming was carried out to an injection nozzle 1 8 through the pneumatic tube 28. In this example, a 
compressor 29 is driven by the motor 30. The 1 st flow control valve 3 1 is formed in the liquid 
transfer pipe 23 of the discharge side of a pump 24, and the 2nd flow control valve 32 is formed in 
the pneumatic tube 28 of the discharge side of a compressor 29, respectively. These regulator valves 
3 1 and 32 are solenoid valves, and return-pipe 3 1 a to a tank 22 and return-pipe 32a to the 
hydrocarbon separation room 27 are connected to regulator valves 31 and 32, respectively. 
[0008] A reactor 26 carries out cracking of the gas oil which uses as a principal component the 
hydrocarbon of the carbon number 16 fed from the pump 24, and reforms it mainly for the 
component of carbon numbers 3-10. A reactor 26 is equipped with column 26a with which the 
granular zeolite was filled up, and heater 26b which heats this column 26a in this example. The 
hydrocarbon separation room 27 equips with heater 27b separator 27a divided into the gas oil by 
which reforming was carried out to carbon numbers 3-10, and the other gas oil, and a perimeter. The 
inlet port of column 26a is connected to said liquid transfer pipe 23, and the outlet is turned to 
separator 27a of the hydrocarbon separation room 27. The recovery tank 33 which collects the 
liquefied hydrocarbons by which reforming was not carried out is formed in the pars basilaris ossis 
occipitalis of this separation room 27, and return-pipe 32a is connected with the pneumatic tube 28 
which attracts the hydrocarbon which reforming was carried out to the crowning of the separation 
room 27, and was evaporated and which was mentioned above. Between this recovery tank 33 and a 
storage tank 22, the recovery tubing 34 is connected, and the recovery pump 36 is formed while 
being the recovery tubing 34. 

[0009] The control output of a controller 40 is connected to the 1st and 2nd flow control valves 31 
and 32, the feeding pump 24, the motor 30 for a compressor drive, Heaters 26a and 27b, and the 
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recovery pump 36. The rotation sensor 42 which detects the rotational speed of an engine 10 the 
load lever location sensor 44 of the jet pump 43 which detects an engine load, and the temperature 
sensor 46 which detects the exhaust-gas temperature which flows into the NOx catalyst 14 of the 
catalyst room 16 are connected to the control input of this controller 40. A controller 40 is equipped 
with the memory which is not illustrated. The amount of the hydrocarbon which should be supplied 
to the NOx catalyst 14 from an injection nozzle 18 according to rotational speed, an engine load, and 
an engine exhaust-gas temperature is beforehand memorized by this memory, and, as for a controller 
40, regulator valves 31 and 32, the feeding pump 24, and the motor 30 grade for a compressor drive 
are controlled based on this amount of supply. 

[0010] Actuation of the NOx reduction equipment of such a configuration is explained. First, the gas 
discharged from the engine 1 0 passes along an exhaust pipe 1 2, goes into the reducing-agent 
injection room 13, and receives supply of a hydrocarbon system reducing agent by the injection 
nozzle 18 here. The exhaust gas which received supply of this reducing agent goes into the catalyst 
room 16, and after carrying out reduction processing of NOx in exhaust gas with the NOx catalyst 14 
and converting into harmless N2, it is emitted to atmospheric air. As for the reducing agent injected 
from an injection nozzle 18 here, the quality is improved by the following approach. First, it is sent 
to column 26a of a reactor 26 with the feeding pump 24 from a storage tank 22, and at the 
temperature of 400-500 degrees C, gas oil contacts a zeolite catalyst, and decomposes and evaporates 
to it. Reforming of the gas oil is carried out mainly to the hydrocarbon of the low molecular weight 
of carbon numbers 3-10 by cracking of this gas oil. The hydrocarbon of the amount of 
macromolecules by which reforming was not carried out by the reactor 26 is separated with the 
hydrocarbon by which reforming was carried out by separator 27a of the hydrocarbon separation 
room 27. This reforming reducing agent by which purification separation was carried out is 
compressed by the compressor 29, and is injected from an injection nozzle 18. The hydrocarbon 
system reducing agent with which this carbon number decreased converts NOx into N2 at high 
effectiveness in the NOx catalyst 14. 

[001 1] Moreover, the amount of the reducing agent injected from an injection nozzle 18 is controlled 
by the following approach. A controller 40 controls flow control valves 31 and 32, the feeding pump 
24, and the motor 30 grade for a compressor drive for the reducing agent of the optimum dose 
corresponding to the NOx content in the exhaust gas memorized by memory according to operational 
status with the detection output of sensors 42, 44, and 46 according to the amount of read-out and 
this reducing agent, and supplies the reducing agent of optimum dose from an injection nozzle 18. 
Specifically, a controller 40 is controlled so that an engine 10 extracts the injection quantity by the 
low rpm at the time of a light load and increases the injection quantity by the inside high rpm at the 
time of an inside heavy load. Furthermore, the hydrocarbon system reducing agents of the high- 
boiling point by which reforming was not carried out at the hydrocarbon separation room 27 are 
collected by the recovery tank 33, and are returned to a storage tank 22 with the recovery pump 36. 
In addition, although the copper ion exchange zeolite was mentioned as an NOx catalyst in the 
above-mentioned example, the catalyst of other zeolite systems and an oxide system is sufficient. 
Moreover, although the example which cracks gas oil catalytically using a zeolite catalyst in a 
reactor was shown, other catalysts, such as titanium oxide and a silica-alumina catalyst, may be used. 

[0012] 

[Effect of the Invention] In order to reform by the reactor even if it is gas oil which contains the 
hydrocarbon of a high-boiling point with the low invert ratio of N2 of NOx in respect of a 
component presentation of a hydrocarbon system reducing agent according to [ as stated above ] this 
invention, to carry out purification separation at a hydrocarbon separation room and to inject an 
effective hydrocarbon system reducing agent from a drawing injection nozzle alternatively, on an 
NOx catalyst, NOx in exhaust gas is efficient and it converts into N2. Moreover, since the injection 
quantity of a reducing agent is controlled according to engine operational status and the reducing 
agent of optimum dose is supplied according to NOx in exhaust gas as a result, NOx contained in 
exhaust gas can be reduced effectively. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the NOx reduction equipment of one example of this invention. 
[Description of Notations] 
1 0 Engine 

1 2 Exhaust Pipe 

13 Reducing-Agent Injection Room 

14 NOx Catalyst 
16 Catalyst Room 

1 8 Injection Nozzle 

20 Reducing-Agent Supply Means 

21 Gas Oil (Hydrocarbon System Reducing Agent) 

22 Storage Tank 

23 Liquid Transfer Pipe 

24 Feeding Pump 

26 Reactor 

27 Hydrocarbon Separation Room 

28 Pneumatic Tube 

29 Compressor 

31 1st Flow Control Valve 

32 2nd Flow Control Valve 

33 Recovery Tank 
36 Recovery Pump 
40 Controller 

42 Rotation Sensor 

44 Load Sensor 

46 Temperature Sensor 
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[Drawing 1] 
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